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ABSTRACT 
Science literacy and non-traditional writing have received considerable attention 
recently in science education. Researchers argue that using writing-to-learn strategies in a 
student-oriented classroom environment improves student's conceptual understanding of 
science. This secondary analysis study focuses on research studies conducted using non-
traditional writing activities to investigate the effectiveness ofnon-traditional writing tasks 
across different science topics and grade levels. Quantitative analysis of students' 
performances in exams provides evidence for the effectiveness of writing-to-learn strategies 
in facilitating understanding of science concepts. 
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CHAPTER 1. GENERAL INTRODUCTION 
Purpose of Study 
The use of writing to learn strategies within school science classrooms has brought 
about considerable debate within science education. Many scholars argue that writing to 
learn strategies support deeper content understanding rather than superficial knowledge. 
Besides examining cognitive theories based upon writing and writing-to-learn strategies, 
researchers have begun to investigate the implementation of these strategies in the classroam 
environment. A number of studies have shown that by using writing-to-learn, students 
develop their scientific literacy and are more successful in contributing to science-based 
discussions. However, there is still a need for empirical evidence that begins to address such 
variables as science content, gender, and assessment type related to writing-to-learn 
strategies in science classrooms. 
This secondary analysis will be done to determine whether the implementation of 
writing-to-learn strategies for science subjects in middle school and high school sciences is 
more beneficial than traditional writing approaches that are used currently. This study also 
will examine the effects of using writing-to-learn strategies on student performance on 
different topics. 
Background of Research Topic 
Science literacy is construed as relating science content with the process of science. 
Keys et al. (1999} have indicated that the substance of the up-to-date scientific literacy is "the 
abilities and emotional disposition to construct science understandings, explore the nature of 
science and scientific inquiry and communicate ideas to inform others them to take action." 
Science literacy brings up crucial questions about how the Learning environment can prompt 
such abilities, emotional dispositions, and communicative skills for life-long learning. Many 
scholars have proposed theories and sought out empirical evidence for writing-to-learn 
strategies in science classroom environments to address the issues mentioned above (Hand, 
Frain, Lawrence, &Yore, 1999; Holliday &Martin, 1993; Keys, 1999; Klein, 1999). 
There are two discourse perspectives within the study of writing. The first, which 
Frain and Hand (1996) attributed to Holliday and Martin (1993), is the modernist view, 
which requires implementation of traditional writing, with a focus on technical writing to 
obtain scientific literacy. The second perspective is astudent-centered constructivist view, 
which disputes the use of traditional writing-to-learn strategies, and encourages the use of 
diverse genres as a means of allowing students to express their science concepts using their 
own words. Sutton (1993 ), in comparing traditional writing and writing-to-learn strategies, 
concludes that science language, knowledge, definitions, theories, laws, and claims, have 
fixed meaning and that students need to use this language regardless of the approach taken. 
Teachers are supposed to clarify these rules and definitions, to develop students' scientific 
Literacy. However, Sutton does admit to the effectiveness of the "exploratory, tentative, and 
persuasive" writing associated with writing-to-learn strategies (Frain &Hand, 1996). 
~n the other hand, some research issues regarding contemporary writing-to-learn 
ideas da arise. Issues such as lack of evidence that writing improves learning, lack of 
research that defines which writing types promote learning, and problems related to 
understanding the demand of the writing-to-learn task for students are examples of the 
current research issues (Rivard, 1994). 
The common view to promote more effective science learning suggests broadened 
types and purposes of writing (Parker, 1991). Using everyday analogies and metaphors 
derived from their own language and others' writings helps students' own understanding 
(Frain &Hand, 1996). More specifically, Keys et al. (1999) have defined the Science Writing 
Heuristic (SVV:I~ as a vehicle to ,guide teachers and students when completing laboratory 
activities. Thinking about how claims are supported with evidence in science and writing 
about their own thinking, ongoing procedures, observations, and discussions provides 
opportunities for students to integrate their understanding. Implementation of the SV~iTH and 
other research suggests there is same empirical endorsement for understanding and 
constructing science knowledge by reshaping the traditional laboratory report and using 
different genres. However, questions, such as types of writing to promote learning, different 
types of essay questions for assessment, the relationship among writing, science context, and 
developmental level of pupils, and writing achievements across gender, have been raised by 
Weinburgh (1995), Tomer and Tamir (1990), Crilbert (1989), Walding et al. (1994), Guzzetti 
and Williams (1996), Alan and Tregust (1993 ), and Meece and Jones (1996), and need to be 
investigated. 
Description of the Study 
Hypotheses of the Study 
This study seeks to answer the following questions and hypotheses: 
Question 1: Were group scores different prior to the studies? 
Hypothesis Ho 1: Performance on the pre-test total will not differ by groups among 
students, using writing-to-learn strategies as a treatment and traditional writing as a control. 
Hypothesis HQ2: Performance on the pre-test higher-order conceptual questions will not 
direr by groups among students, using writing-to-learn strategies as a treatment and 
traditional writing as a control. 
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Question 2: Do writing-to-learn strategies have a significant impact on student 
conceptual understanding? 
Hypothesis Ho 1: Performance on the post-test higher-order conceptual questions will 
not direr by groups among students. 
Question 3 : Does student performance differ by gender, grade level, and topic? 
Hypothesis Ho 1: Performance on the post-test higher-order conceptual questions will 
not differ by gender among students when controlling for the pre-test. 
Hypothesis Hot: Performance on the post-test higher-order conceptual questions wi11 
not differ by grade level among students when controlling for the pre-test. 
Hypothesis Ho3: Performance an the post-test higher-order conceptual questions will 
not differ by topic studied among students when controlling for pre-test. 
Hypothesis Ho4: Performance on the post-test higher-order conceptual questions will 
not differ by group among students when controlling for the pre-test. 
Hypothesis HoS: There is no interaction on post-test higher-order conceptual 
questions between group and topic after controlling for pre-test total. 
Assumptions of the Study 
Seven individual studies with a total of 73 8 participants will be used for this 
secondary analysis. Assumptions of this secondary analysis can be divided into two groups: 
assumptions of research design and statistical assumptions. 
Assumptions of the Research Design: 
I . .All studies used for this secondary analysis must have the same research design. 
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Statistical Assumptions 
For statistical analysis One-way analysis of variance (ANOVA) and analysis of 
covariance (ANC~VA) models will be estimated, so some of the assumptions will be related 
to specific type of statistical analysis. 
1. Each group must be randomly sampled and randomly selected as a control or 
treatment . 
2. The distributions of scores must be normal. 
3. The distributions of scores must have equal variances. 
4. A linear relationship exists between the dependent variable and any covariate. 
Limitations of The Study 
The study is framed by several statistical (imitations. 
Statistical Limitations 
1. Randomness of the students could be an issue, because assigning student to 
classes is not random. 
2. There might be violations with the normality ofpre-tests, post-tests, and 
individual essay question scores. 
3. With such a Large population size the assumption of the equal variances could be 
an important issue. 
Procedure of the Study 
1. The target population and research side: Writing-to-learn strategies have been 
carried out with seven studies in Iowa for several years. Target populations were 
chosen from different grade levels across middle schools, high schools, and 
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college. In the wide range of populations, different science subjects were studied 
according to the convenience of availability of subjects and teachers. 
2. Participant selection techniques: Seven teachers experienced with writing-to-learn 
strategies and one teacher with no experience were assigned as .participant 
teachers. Definition of the classes (control or treatment) was random, flipping a 
coin, out of the equal-level classes that were defined by pre-test results. 
3. Data focus: Two tests, pre-tests and post-tests were used for data collection. In the 
wide range of grade levels and science subjects, each of the seven studies had 
different tests and different questions. However, to assess higher-order conceptual 
understanding all research studies have essay-type questions. 
4. Independent and dependent variables: Different topics across biology and 
chemistry (cell, molecular biology, life science, genetic, stoichiometry), gender, 
group (control or treatment}, and grade level will be independent variables, and 
conceptual understanding, demonstrated by essay questions, will be the dependent 
variable. Also, pre-test total score will be used as a covariate. 
S. Instruments: As a study instrument, many of the pre-tests contained 1 S multiple-
choice questions and 3 or 4 essay questions. The importance of the essay 
questions is that they demonstrate conceptual growth and knowledge better than 
multiple-choice questions. For each topic studied the teacher was asked to define 
up to four big ideas at the beginning of the unit, which can be expressed only in 
essay format. Multiple choice or short-answer questions cannot assess the 
conceptual structures. The post-tests were prepared by taking these same 
assumptions into account. 
6. Analysis techniques: The secondary analysis file will include pre-test total and 
post-test higher-order conceptual questions scores, group (control or treatment}, 
gender, topic, and grade level, as variables. One-way ANOVA will be used to 
compare the control group and treatment group test scores, with a 0.05 
significance level (a ), both prior to and following the studies. Potential violations 
of the statistical assumptions will be tested. ANCOVA models will be estimated 
the effect of group, gender, topic, and grade level on the post-test higher-order 
conceptual questions score when controlling for pre-test total scores (covariate) 
for the file. 
Organization of Thesis 
This paper presents a combination of a literature review dealing with the constructivist 
view of science teaching and learning, cognitive models for writing, non-traditional writing 
in science, and a study designed to investigate research questions indicated earlier. There are 
three main sections: 
Literature Review 
The literature review section has three main components. The first part investigates 
the constructivist view of learning science. Branches of the constructivist position are 
examined in this part by paying more attention to the interactive constructivist position. Since 
implementation of non-traditional writing requires student-oriented classroom environment, 
according to the interactive constructivist position, conceptual understanding and conceptual 
change is the focus of the review of the current research studies. 
The second part contains various cognitive models of writing. Distinct differences 
among the models, research findings related with these models, and concerns raised about 
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these different models in the literature are the main concerns for this part of the literature 
review. Finally, the last part deals with the different positions toward writing in science. 
Also, research studies conducted with non-traditional writing in science by adopting the 
interactive constructivist position and different cognitive writing models are discussed at the 
end of the literature review. 
Journal Article 
The second section of this paper is a j ournal article that includes a secondary analysis 
to explore the effect of non-traditional science writing activities on students' conceptual 
understanding of science concepts. Seven individual studies conducted by using writing-to-
learn strategies in different grade levels and on different science topics were used for the 
secondary analysis. Student performances on higher-order conceptual uestions were the q 
main source for data and data analysis. 
Since each of the research studies had the same research design pre-test and post-test, 
secondary analysis of the higher-order conceptual questions was conducted to determine the 
overall effect of the writing-to-learn strategies on students' conceptual understanding. 
Possible relationships among grade level, topic, and implementing non-traditional writing 
that affect students' performance on higher-order conceptual activities were investigated. 
General Conclusion 
The final section of this paper contains general conclusions. This section Links the 
discussion in the Literature review with secondary analysis findings presented in the journal 
article chapter. This section first presents a discussion based upon research findings. Then, 
limitations of the study are explored, followed by possible implications for future research in 
t s area. 
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CHAPTER 2. LITERATURE REVIEW 
Introduction 
Research on language and learning in the science content area has emphasized the use 
of writing as a powerful learning tool (Keys, 1999). Moving away from teaching traditional 
scientific genres, that is, so that one has to learn micro and macro structures of the genres of 
science writing to be able to understand science, researchers have focused more on 
expressive and creative writing that promotes meaningful learning in science. By giving 
opportunities to students to articulate, defend, and explain their own ideas within the student- 
oriented classroom environment by using their own language, students are allowed to engage 
with higher-order thinking skills to construct science knowledge (Frain &Hand, 1996). 
Research in regard to writing-to-learn by adapting cognitive writing models and 
student-oriented learning has been expanding in science education. This literature review will 
examine the current research in this area. First, the constructivist view of learning science, 
branches of the constructivist view, and theoretical and practical dimensions of theory will be 
examined. Second, diverse cognitive writing models and explicit differences among these 
models will be visited. Finally, using writing as a learning tool in science teaching and 
learning will be discussed by using modernist and postmodernist lenses within a student- 
oriented learning environment. 
Theoretical and Research Background of Writing as a Learning Tool 
Constructivist View of Learning Science 
Constructivism, as a philosophical position, accepts that we as human beings cannot 
reach an objective reality directly, because reality is independent of our way of knowing it 
(Simon, 1995). The roots of constructivism were shaped in part by French structuralist Jean 
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Piaget (Piaget, 1970). He denied both the views that knowledge preexists in our minds and 
that knowledge is gained by using our experiences. In his theory, he claimed that the 
structure of the mind is the source of our understanding of the world. Moreover, this structure 
is shaped by interacting with the world and developing mathematical reasoning skills 
(Schunk, 2000). 
How we perceive knowledge and the process of coming to know provides the basis for 
educational practice. If we believe that learners passively receive information, then the 
priority in instruction wi11 be on knowledge transmission. If, on the other hand, we believe 
that learners actively construct knowledge in their attempts to make sense of their world, then 
teaching likely will emphasize the development of meaning and understanding (Schunk, 
2000). At the extreme, constructivists generally claim that knowledge is not discovered and 
that the ideas teachers teach do not correspond to an objective reality (Shymansky et al., 
1997). Moving from theory to practice always presents challenges, in education or in any 
other domain. When there are multiple brands of the theory, the task becomes that much 
more demanding. 
Henriques (1997), in reviewing the literature on constructivism, used the labels 
Information Processing, Interactive Constructivism, Social Constructivism, and Radical 
Constructivism to represent forms of constructivism. Information processing, as a form of 
constructivism, assumes students learn from both the teacher and through experiences. In 
discussing a representational view of the mind, Cobb, Yackel, and Wood (1992) 
conceptualized the teacher in this particular orientation as being focused on three main 
concerns: 
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1. The goal of the instruction is to show students relationships that are located outside 
of their minds. 
2. Instruction should help students to construct their internal relationship. 
3. External instruction materials are the main sources for their knowledge. 
However, several aspects differ between an interactive constructivist perspective and an 
information-processing perspective. Henriques (1997} described these aspects as being 
"public knowledge," whereby students construct knowledge and learn when they are able to 
interact with the physical world and other people, and "private knowledge," whereby 
meaning is formed when students reflect on and make sense of their interactions. Social 
constructivism, however, is based on the premise that the main source of knowledge is 
society. There is overlap between interactive and social constructivism in the role of public 
knowledge. V~Vhile both approaches acknowledge that knowledge construction is a public act, 
social constructivism does not deal with the private component of knowledge construction. 
Individuals can construct knowledge, which is comprised by the culture, when they interact 
with other people (Schunk, 2000). By contrast, radical constructivism asserts that knowledge 
is constructed by the role of the individual in trying to make sense of interactions with his or 
her environment. It is the environmental interactions that are shared between radical and 
interactive constructivism. The crucial and important component of all constructivist-learning 
theories is that learning is taken as an act of malking meaning. 
adopting an interactive position, researchers believe that construction of knowledge 
differs from person to person, and recognizes that this knowledge has a public component. 
Taking account of the fact that individuals try to make their ideas clear to themselves and to 
others with whom they interact is important in teaching on two counts. The first is that it 
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allows the teacher to have some understanding of personal models that the learners have — to 
learn something about the learner (Watts &Pope, 1989). It is very easy to fall into thinking 
that "I told them that, so they will remember it" or "we had an item about that on the last test, 
so they will know how to do this one." Maloney (1900, p. 3 89} called these types of 
statements the cluttered states. He claimed that these states are based on teachers' beliefs of 
the need to tell students what is true and wrong, and to force students to erase their earlier 
concepts about topics so they can learn the correct one; these frameworks that are not in line 
with astudent-oriented learning environment. Further, teachers may accept some primitive 
and/or oversimplified model of learning, which ignores most of the context of the learner and 
teaching situation, and gives little acknowledgment to the nature of scientific knowledge 
being learned (Gunstone, 1988). 
The second involves meta-cognition because, in the process of communicating ideas, 
the learner has an opportunity to clarify thought so that he or she can recognize how it might 
be changed —for learners to think about their own thinking (Watts &Pope, 1989). By using 
social negotiation, members of the classroom community share some aspects of 
understanding, although they have no direct access to each other's understanding, and thus 
knowledge is not entirely a communal experience (Simon, 1995). 
Within learning environments important factors, such as the nature of the content to be 
learned and the motives of the learners, are often ignored. From a constructivist perspective, 
Learning is a search for meaning and therefore must start with the issues around which 
students actively are trying to construct meaning. Learning is an interaction between what the 
student is taught and his/her current ideas or concepts; learning is not simply the acquisition 
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of a set of correct responses, .but rather an assimilation or accommodation (Posner et a1., 
1982). 
The conceptual change model developed by Posner et al. (1982) and examined by many 
scholars (Driver &Oldham, 1986; Gil-Perez & Carroscosa, 1990; Hand & Treagust, 1991; 
Lijnse, (1990); Watts &Pope, 1989) takes account of students' current ideas as a first step to 
construct meaning. In this model, dissatisfaction with the existing conception is the first step 
far conceptual change. According to the conceptual change model, there are two steps for 
Learning. First, the variation phase occurs; in which students use existing concepts to deal 
with a new problem a stage called assimilation. During this time, students use their pre-
existing knowledge to grasp new phenomena. In the second case, if students need to replace 
ar reorganize their central concepts, the stage is called accommodation, whereby conceptual 
change occurred (Posner et al., 1982). 
Learners' current ideas, which often are referred to as alternative frameworks, or 
misconceptions, are associated with intuitive ideas, or preconceptions constructed from 
experiences prior to school learning (Cril-Perez & Carroscosa, 1990}. However, an alternative 
view claims that knowledge is innate rather than constructed (Preece, 1984). One of the most 
important outcomes of research on misconceptions has been a better understanding of science 
learning difficulties and awareness of the necessary changes in teaching (Gil-Perez & 
Carroscosa, 1990). In essence, the idea of science learning as a process of knowledge 
construction starts, necessarily, from prior knowledge. 
Children's Learning in science is analogous to scientists' advancement of ideas, 
hypotheses, and principles when faced with new phenomena. Their prior knowledge and 
initial theories therefore are important as a part of the world around them. Driver and Oldham 
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(198b) and Simon { 1995} emphasize that what students know should serve as the basis for 
the teaching plan. More deeply, the conceptual change model {Posner et al., 1982) presents 
prior knowledge as that which triggers students' development of ideas. There are several 
empirical studies in science education based upon constructivist learning theory and the 
conceptual change model, including Cri1-Perez and Carroscosa (1990} on classical mechanics, 
Watts and Pope (1989) on light, Lijnse (1990) on energy, Hand and Treagust (1991) on acids 
and bases, and Maloney (1990) on force. These researchers reported improvement not only in 
learning environments for students, but also for teachers' personal development and pleasure. 
Process of Writing Through Different Models 
Writing is a sophisticated task that requires the application of cognitive processes. 
The complexity of writing is associated with the nature of the task, the writer's goal, and the 
syntactic and grammatical rules required by the task. Added to these demands is the need for 
the writer to communicate with his or her audience, and to present and formulate relevant 
ideas through means of the written word in producing satisfactory text. The writer generally 
needs to make a number of drafts, corrections, deletions, and additions on the text to produce 
the final product. Such translation of thoughts into a written format involves a complex 
cognitive mechanism, and, as a consequence, diverse models to explain the process have 
been proposed by both linguistic and psychology disciplines (Bereiter & Scaxdamalia, 1987; 
Galbraith, 1999; Hayes &Flower, 1980, 1996}. 
Hayes and Flower { 1980) attempted to explain the writing process by using a 
cognitive approach. Their model has three main components: task environment, the writer's 
long-term memory, and the general writing process. They have defined each of these as: (a) 
task environment; where all outside factors, such as topic, audience, and motivation, can 
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influence writing, and need to be considered; (b) -the writer's long-term memory, in which the 
writer's pragmatic, conceptual, linguistic, and lexical knowledge are stored and can be used 
to guide and complete the task; and (c) the general writing process, which refers to the 
process of translating thought to linguistic form, which consists of four essential parts: 
planning, translating, reviewing, and monitoring. 
Hayes and Flower were the first to try and formulate the writing process (Alamargot 
& Chanquoy, 2001). The model they proposed attempted to incorporate the information, 
knowledge, and cognitive processing required for writing. Writing was not considered as a 
product-based linear activity; instead, writing was referred to as a cognitive process based on 
a means to monitor control of planning, writing, and editing at any moment during writing 
(Galbraith &Torrance, 1999). The model proposed by Hayes and Flower is reviewed as a 
problem-solving metaphor, whereby writing is controlled by the writer's general problem-
solving skills, rhetorical knowledge, and content knowledge (Galbraith &Torrance, 1999). 
Extending this original model, Bereiter and Scardamalia (1987) proposed a more defined 
version of the problem-solving process in writing by suggesting that there are two models for 
writing: the knowledge telling model and the knowledge transforming model. Hayes and 
Flower (1980) describe the knowledge telling process as, "Get it down as you think" (p. 20). 
There are three essential components in the knowledge telling model. The first 
involves mental representation of the assignment, whereby the writer creates the mental 
representation of the assi~ent that allows him or her to define text topic and function and 
guides the whole rhetorical writing activity. The second refers to the two types of knowledge 
stored in the Long-term memory, content and discourse knowledge, which need to be 
articulated. The content knowledge refers to the topic, and is what the writer knows related to 
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the topic, and the discourse knowledge concerns the nature of the task, such as the linguistic, 
lexical, grammatical, narrative, or argumentative structures that are necessary for producing 
written text (Bereiter & Scardamalia, 1987). Each writing model that has been proposed, 
while they have dii~erent perspectives on the actual process, all have the essential 
components of content and rhetorical knowledge (Bereiter & Scardamalia, 1987; Hayes & 
Flower, 198Q; Klein, 1999; Galbraith &Torrance, 1999). The third component in the 
knowledge telling strategy is the process of knowledge telling, which has a close relationship 
with the other two components (mental representation of the assignment, and content and 
rhetorical knowledge). Knowledge telling presents writing as a display resulting from pre-
existing knowledge about the assignment and knowledge of the topic stored in long-term 
memory, and is not conceptualized as a process that can modify either one during the act of 
writing. The main distinction is that the knowledge-transforming model conceptualizes 
writing as an act that stimulates thinking; thus mental representation of the assi~ent and 
knowledge of the topic can be modified through the act of writing. 
Knowledge telling is essentially a "think-say" method, in that ideas are retrieved 
directly from memory in response to a topic and then translated into text. The condition of 
the succession is attributed to ideas stored in the memory, similar to the Hayes and Flower 
model (1980). However, the knowledge-transforming model suggests that writing at the 
expert level can be a complex problem-solving activity, although it first requires. the writer to 
move through aknowledge-telling phase comparable to that required for knowledge-
transforming activities in Hayes and Flower's model. 
The additional components required for knowledge to be modified involve problem-
analyzing and goal-setting activities, which allow the writer to understand the task. It also 
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involves an interaction between the content problem space and rhetorical problem space that 
allows the writer to explore content and rhetorical setting, respectively, that is, what to tell 
and to whom and how to tell. Also, the model proposed by Bereiter and Scardamalia (1987) 
suggests that there is a possible interaction among content knowledge, the content problem 
space, discourse knowledge, and the rhetorical problem space that can transform and modify 
the writer's thought. More specifically, there is a dynamic relationship between where 
content is stored, thought about, and worked out, and the rhetorical space where goals for the 
text are worked out, which provides the stimulus for reflection in writing and problem 
solving (Keys, 1997). 
In the knowledge-transforming model, it is assumed that the retrieval and translation 
of ideas is mediated by active problem solving. However, writing not only is taking 
information from memory or translating this information. Writing also involves working out 
new content when existing content does not satisfy goals, and, when realized, writing allows 
further development of the writer's understanding of the topic (~Talbraith &Torrance, 1999). 
The importance of understanding for the writer may be realized in two ways. First, when 
already- existing knowledge is not enough to complete the task, the writer has to develop 
new understandings. Secondly, the new content, born as a result of dissatisfaction with 
existing content, is now a new construction of knowledge rather than simply a reflection of 
old knowledge (Cralbraith &Torrance, 1999). CTalbraith and Torrance (1999), cognitive 
psychologists, have suggested that rather that using the problem-solving metaphor, writing 
should be viewed as text-production. 
The fundamental conflict between the knowledge-transforming, or problem-solving, 
model and the knowledge constitution model that accepts writing as a text production lies in 
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the assumption that the problem-solving model assumes knowledge is stored in a uniform 
way so there is no difference between searching and retrieval processes, which are used 
during problem solving and text production. On the other hand, the knowledge constitution 
model asserts that the knowledge encoded in sentences is represented within a distributed 
network of conceptual relationships. Moreover, ideas are synthesized by constraint 
satisfactions within this network, rather than simply being retrieved as is (Galbraith & 
Torrance, 1999). The overall synthesis of an idea to satisfaction is affected by two factors: 
first, the constraint satisfaction within the disposition, which is responsible for the formation 
of the message, and, second, the constraint satisfaction within the linguistic network, which 
is responsible for the expression of the message in words. Another difference between the 
models is that the problem-solving model treats the production of sentences as a translation; 
however, the knowledge-constitution model treats the production; as a dispositional dialectic 
(Galbraith &Torrance, 1999). 
The writer's conceptual knowledge is embodied in the connections between the units 
within their disposition, and cannot be accessed directly. Instead, to make their understanding 
explicit, writers have to articulate their dispositional response to the topic, but this cannot 
happen in a single utterance, To capture understanding as a whole, the writer must continue 
to synthesize the dispositional response as it unfolds. This means that the writer must 
constitute thought,. discursively and unpredictably, over a series of cycles. 
Writing-to-learn in science 
Being able to speak, read, and write about science and to u~ concepts of science, 
the nature of science, and the relationship among science, technology, society, and 
environment, is target for both contemporary and interactive constructivist science teaching 
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and learning (Yore, Bizans, &Hand, 2002). The view that individuals create meaning and 
knowledge by interacting in their environment and by reflecting on and making sense of 
these interactions, is the accepted interactive constructivist position that forms the basis for 
the writing-to-learn science movement (Hand &Pram, 2002). Studies of writing-to-learn 
generally involve using different writing tasks within investigative science to prompt 
construction of knowledge in active learning environments, whereby students construct 
personal meanings within the classroom community (Rivard &Straw, 2000). 
Teachers who provide opportunities for students to articulate, defend, and explain 
their own ideas within the social context of classroom change the classroom environment 
from being teacher-oriented and text-dominated to more student-oriented, in which language 
is used by students (Pram &Hand, 1996). The importance of the language, especially written 
language for science learning, has been emphasized and discussed by many scholars (Hand, 
Prain, & Hohenshell, 2002; Holliday &Martin 1993; Keys, 1999, 2000; Pram &Hand, 1996; 
Sutton, 1993; Yore, Bizans, &Hand, 2002). Various cognitive writing models (Bereiter & 
Scardamalia, 1987; Galbraith, 1999; Hayes &Flower, 1980), which have been described 
earlier in this literature review, are the basis for research studies in writing-to-learn in 
science. 
Different positions have been adopted by scholars regarding the value of using 
writing-to-learn strategies in helping students understand science. The main conflict between 
the positions lies in the purpose of using writing in science. Halliday and Martin (1993) have 
argued that the implementation of traditional writing in science is necessary because students 
need to use proper technical scientific language and types of genre to learn science. For 
Halliday and Martin, one has to learn micro and macro structures of the genres of science 
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writing to be able to understand science. However, Pram and Hand (1996} proposed that 
students should be encouraged to write their understanding of science concept in a variety of 
ways using their own language. By adopting student-oriented views of learning, Keys et al. 
(1999) have emphasized that students need experiences with a variety of writing genres to 
communicate ideas. Consequently, students would construct their own science conception, 
through interacting with other students, materials, and the teacher in the classroom context 
under the teacher's guidance. 
Comparing and contrasting others' writing, rewording others' ideas through their own 
words, and speculating about possible explanations, provides students opportunities for them 
to sort out what they understand (Frain &Hand, 1996). Meaningful science learning has 
similarities with the methods used by scientists in practice (Yore, Hand, &Frain, 2002). 
Keys (1999) argued that one connection that exists between the conventions of English used 
by scientists over several hundred years and students' everyday language has more personal 
meaningfulness for them. She uses quotes from Lemke (1994) to point out this crucial 
connection: 
I think the most important issue here is to understand why science registers show the 
grammatical and other linguistic peculiarities that they do [and] what specific 
functions they serve. I suspect that it is when Learners see a need to perform these 
functions, when the functions make sense to them (e.g., classification), that they will 
be able to adopt the linguistic means of doing so that has evolved historically in 
modern European culture. 
The issue raised by Lemke, in a post-modern view of using writing as a tool for 
meaningful science learning, brings about some critical questions, such as: How can one 
learn to read, write, and speak the language of science?, What are the protocols and 
expectations for reporting one's research?, How can we communicate our ideas effectively to 
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experts, scientists in other fields, and Iaypeople?, and How can we promote ef~'ective science 
learning by using investigative science methods and by using writing-to-learn or by using 
any possible combination of investigative science method and writing-for-learning science? 
Keys et al. (1999} argued that in addition to informal writing genres, such as journals 
writing, question reflection, cartoons, and narratives, writing laboratory reports needs to be 
considered as effective science learning tools. The authors proposed the Science Writing 
Heuristic (SVV:H} as a tool to guide teachers and students. The SWH has two templates for 
each audience. In the teacher template, the teacher uses a series of writing, reading, and 
small- and large-group discussion activities to support students in meaningful thinking. Thus, 
the teacher template illustrates the necessary pedagogy to support student learning. In the 
student template, students are encouraged to investigate their own questions) about the 
activity and use scientific methods during investigations; however they are encouraged to use 
their own language to share their findings. Figure 1 and Figure 2 give templates for students 
and the teacher. 
1- Exploration of pre-instruction understanding through individual or group concept 
mapping. 
2- Pre-laboratory activities, including informal writing, making observations, 
brainstorming, and posing questions. 
3- Participation in laboratory activity. 
4- Negotiation phase I- writing personal meanings for laboratory activity (For example, 
writing journals). 
5- Negotiation phase II- sharing and comparing data interpretation in small group (For 
example making a group chart}. 
6- Negotiation phase III- comparing science ideas to textbooks or other printed 
recourses (For example, writing group notes in response to focus questions). 
7- Negotiation phase IV- individual reflection on writing (For example, creating a 
presentation such as a poster report for larger audience}. 
8- Exploration of post instruction understanding through concept mapping. 
Figure 1. The science writing heuristic, Part I: A template for teacher-designed activities to 
promote laboratory understanding. 
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1- Beginning ideas —What are my questions? 
2- Tests —What did I do? 
3- Observations — Wha# did I see? 
4- Claims —What can I claim? 
5- Evidences —How do !know? Why ! am making these claims? 
6- Reading —How do my ideas compare with others? 
7- Reflection —How have my ideas changes? 
Figure 2. The science writing heuristic, Part II: A template for student thinking. 
Several empirical studies have been carried out to investigate the influence of the 
SV~i~H on the learning process in both qualitative and quantitative aspects (or dimensions) 
across different grade levels. Studies by Hand, Hohenshell, and Prain (2002), Hand, Prain, 
and Hohenshell (2001), and Keys et al. (1999), show that the implementation of the SV~ijH 
impacted on students' use of meta-cognition and reflection to understand knowledge, abilities 
to generate meaning from data in relation to specific knowledge, extending science ideas, and 
understanding the nature of science. In addition to explicit evidence from the use of the SWH 
for meaningful learning in science in terms of the reshaping traditional laboratory report to 
more productive activities that require more cognitive and meta-cognitive activities through 
the use of writing activities, Prain and Hand (1996) and Hand and Prain (2002) assert the 
need for broadened implementation of writing-to-learn strategies. 
A Model for Writing for Learning in Science proposed by Pram and Hand (1996) (see 
Figure 3) is targeted to guide teachers in planning writing tasks for secondary science topics. 
The crucial elements of the model include a theoretical base in that there are strong 
interactions between the demands of different writing tasks, subj ect-topic-task, and student 
learning outcomes; and a practical base in that teachers need to develop their understanding 
of writing-to-learn, and which types of writing should be used (Hand & Prain, 2002). 
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Method of Text 
Production Audience Purpose Type Topic 
- Individuals -Peers Start -Narrative -Key concepts 
- Pairs -Younger -Review -Travelogues -Linking themes 
- Groups -Students -Hypothesizes -Reports -Factual 
- Looping -Textbook -Explore -instructions understanding 
- Computer -Parents -Devise plan -Concept maps -Apply concepts 
- Pen -Teachers -Letters 
- Redrafting -Visitors During -Brochures - Other -Consumers _ -Poetry 
- Government .Clarify _Revise -Posters - Self -Revise -Journals 
- Consider -Explanations 
- Persuade -Diagrams 
- Interpret 
Completion 
- Demonstrate 
- Test 
- Revise 
- Design solution 
- APPIY 
Figure 3. Model for Writing-to-Learn 
In brief, to improve students' conceptual understanding of science, educators need to 
focus on students' conceptions of "what language is," rather than on "what science is," by 
using diverse type of writing in classroom environment (Sutton, 1993, p. 1224}. 
Implementing different type of writings for different purposes, different audiences from 
beginning of the unit to end in different science context will promote student conceptual 
understanding of science. However, .there is need for more research .studies to explore what 
type of writing serves for which type of conceptual understanding, and the teacher 
implementation of the these non-traditional writings in science context (Sutton, 1993) . 
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CHAPTER 3. J~LT~ZNAL ARTICLE 
Introduction 
Research on language and learning in the science content area has emphasized the use 
of writing as a powerful learning tool (Keys, 1999). Moving away from teaching traditional 
scientific genres, which emphasize the need for students to learn micro and macro structures 
of the genres of science writing to be able to understand science, researchers have focused 
more on expressive and creative writing that promotes meaningful learning in science. 
Individual research studies have shown si~cant effect of using writing-to-learn strategies 
on students' conceptual understanding of science. However, the demands of using non-
traditional writing have not been fully understood in science education. This secondary 
analysis study explores the cumulative effect of the non-traditional writing arcos to different 
grade levels in biology and chemistry topics. The results indicate that using writing-to-learn 
strategies is beneficial for grade 7, 9, 10, and 11 for different science contexts. 
Literature Review 
Writing is a sophisticated task that requires the application of cognitive processes. 
The complexity of writing is associated with the nature of the task, the writer's goal, and the 
syntactic and grammatical rules required by the task. Added to these demands is the need for 
the writer to communicate with his or her audience, and to present and formulate relevant 
ideas through means of the written word in producing satisfactory text. The writer generally 
needs to make a number of drafts, corrections, deletions, and additions on the text to produce 
the final product. Such translation of thoughts into a written format involves a complex 
cognitive mechanism, and, as a consequence, diverse models to explain the process have 
25 
been proposed by both linguistic and psychology disciplines (Bereiter & Scardamalia, 1987; 
Galbraith &Torrance, 1999; Hayes &Flower, 1980, 1987). 
Hayes and Flower (1980) attempted to explain the writing process by using a 
cognitive approach. Their model has three main components: task environment, the writer's 
long-term memory, and the general writing process. They have defined each of these as: (a) 
task environment; where all outside factors, such as topic, audience, and motivation, can 
influence writing, and need to be considered; (b) the writer's .long-term memory, in which the 
writer's pragmatic, conceptual, linguistic, and lexical knowledge are stored and can be used 
to guide and complete the task; and (c) the general writing process, which refers to the 
process of translating thought to linguistic form, which consists of four essential parts: 
plaarining, translating, reviewing, and monitoring. Extending Hayes and Flower model, 
Bereiter and Scardamalia (1987) proposed a more defined version of the problem-solving 
process in writing by suggesting that there are two models for writing: the Knowledge 
Telling Model and the Knowledge Transforming. 
Knowledge telling presents writing as a display resulting from pre-existing 
knowledge about the assignment and knowledge of the topic stored in long-term memory, 
and is not conceptualized as a process that can modify either one during the act of writing. 
The main distinction is that the knowledge-transforming model conceptualises writing as an 
act that stimulates thinking; thus mental representation of the assignment and knowledge- of 
the topic can be modif ed through the act of writing. Also, the model proposed by Bereiter 
and Scardamalia (1987} suggests that there is a possible interaction in knowledge 
transforming model between content knowledge, the content problem space, discourse 
knowledge, and the rhetorical problem space that can transform and modify the writer's 
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thought. More specifically, the knowledge transforming model suggests that there is a 
dynamic relationship between where content is stored, thought about, and worked out, and 
the rhetorical space where goals for the text are worked out, which provides the stimulus for 
reflection in writing and problem salving (Keys, 1999). 
In the knowledge-transforming model, it is assumed that the retrieval and translation 
of ideas is mediated by active problem-solving. However, writing not only is taking 
information from memory or translating this information. Writing also involves working out 
new content when existing content does not satisfy goals, and, when realized, writing allows 
further development of the writer's understanding of the topic (Galbraith &Torrance, 1999}. 
The importance of understanding for the writer maybe realized in two ways. First, when the 
already existing knowledge is not enough to complete the task, the writer has to develop new 
understandings. Secondly, the new content, born as a result of dissatisfaction with existing 
content, is now a new construction of knowledge rather than simply a reflection of old 
knowledge (Galbraith &Torrance, 1999). Galbraith and Torrance (1999), cognitive 
psychologists, have suggested that rather that using the problem-solving metaphor, writing 
should be viewed as text-production and he proposed a knowledge constitution model. 
The fundamental conflict between the knowledge-transforming, or problem solving, 
model and the knowledge constitution model that accepts writing as a text production lies in 
the assumption that the problem-solving model assumes knowledge is stored in a uniform 
way so there is no difference between searching and retrieval processes, which are used 
during problem solving and text production. (Jn the other hand, the knowledge constitution 
model asserts that the knowledge encoded in sentences is represented within a distributed 
network of conceptual relationships. The writer's conceptual knowledge is embodied in the 
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connections between the units within their disposition, and cannot be accessed directly. 
Instead, to make their understanding explicit, writers have to articulate their dispositional 
response to the topic, but this cannot happen in a single utterance. To capture understanding 
as a whole, the writer must continue to synthesize the dispositional response as it unfolds. 
This means that the writer must constitute thought, discursively and unpredictably, over a 
series of cycles. 
In brief, each of these models is based on recognizing two components, content and 
linguistic knowledge that point to the need for language strategies to be emphasized in 
teaching science. Implementing Language use in science student-oriented classroom 
environment, whose aspects are explained clearly by the interactive constructivist view of 
teaching and learning, is required. Such interactive approaches have both a public and private 
knowledge component. Henriques (1997) described these aspects as being "public 
knowledge", whereby students construct knowledge and learn when they are able to interact 
with the physical world and other people, and "private knowledge", whereby meaning is 
formed when students reflect on and make sense of their interactions. Adopting an interactive 
position, researchers believe that construction of knowledge differs from person to person, 
and recognizes that this knowledge has a public component. 
Taking account of the fact that individuals try to make their ideas clear to themselves 
and to others with whom they interact is important in teaching on two counts. The first is that 
it allows the teacher to have some understanding of personal models that the learners have — 
to learn something about the learner (watts &Pope, 1989). The second involves meta-
cognition because, in the process of communicating ideas, the learner has an opportunity to 
clarify thought so that he or she can recognize how it might be changed -- for learners to think 
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about their own thinking (Watts &Pope, 1989). By using social negotiation, members of the 
classroom community share some aspects of understanding, although they have no direct 
access to each other's understanding and thus knowledge is not entirely a communal 
experience (Simon, 1995). 
From these two aspects, interactive constructivism and cognitive writing models, the 
crucial question emerges; What type of language and writing use is more beneficial for 
learning science? Different positions have been adopted by scholars regarding the value of 
using writing-to-learn strategies in helping students understand science. The main conflict 
between the positions lies in the purpose of using writing in science. Halliday and Martin 
(1993) have argued that the implementation of traditional writing in science is necessary 
because students need to use proper technical scientific language and types of genre to learn 
science. For Halliday and Martin, one has to learn micro and macro structures of the genres 
of science writing to be able to understand science. However, Prain and Hand (1996) 
proposed that students should be encouraged to write their understanding of science concept 
in a variety of ways using their own language. By adopting student-oriented views of 
learning, Keys et a1. (1999) have emphasized that students need experiences with a variety of 
writing genres to communicate ideas. Consequently, students would construct their own 
science conception, through interacting with other students, materials, and teachers in the 
classroom context under the teacher guidance. 
A Model for Writing for Learning in Science, proposed by Pram and Hand (1996}, is 
targeted to guide teachers in planning writing tasks for secondary science topics. The crucial 
elements of the model include a theoretical base, in that there are strong interactions between 
the demands of di~'erent writing tasks, subject-topic-task, and student lung outcomes; and 
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a practical base, in that teachers need to develop their understanding ofwriting-to-learn, and 
which types of writing should be used (Nand & Prain, 2002}. They suggests diverse genres to 
implement in the science classroom, such as narrative, travelogues, reports, instructions, 
concept maps, letters, brochures, poetry, posters, journals, explanations, and diagrams. 
Implementing different types of writings for different purposes, different audiences from the 
beginning of its unit to end in a different science context will promote student conceptual 
understanding of science. However, there is need for more research studies to explore what 
type of writing serves for which type of conceptual understanding and the teacher 
implementation of the these non-traditional writings in science context (Sutton, 1993). 
The focus of this thesis is a secondary analysis of seven studies, which used non-
traditional writing activities, to investigate the effect of using writing-to-learn strategies 
across different grade levels and different science subjects. 
Research Design 
The design of this secondary analysis study was a quantitative analysis of 
examination scores produced in seven individual studies that used writing-to-learn strategies. 
Each study had the same basic research design: pre-test and post-test with 15 multiple-choice 
questions and 3 or 4 essays, focused on higher-order conceptual questions targeted to 
writing-to-learn strategies. Six of the research studies took place in secondary schools (2 
seventh-grade, lninth-grade, 3 tenth-grade classes, and leleventh-grade}. The participants 
totaled 73 8 students from the rural Midwest. These 73 8 students included 146 seventh-grade 
girls, 161 seventh-grade boys, 75 ninth-grade girls, 52 ninth-grade boys, 129 tenth-grade 
girls, 121 tenth-grade boys, 31 eleventh-grade girls, and 23 eleventh-grade boys. 
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Data Sources 
The data sources for this secondary analysis include pre-test and post-test scores on 
multiple-choice items, together with scores on individual essay questions. A11 scores are 
translated into percentages. The first step in analyzing the questions was to create a file 
including results for all studies; the combined file contained qualitative coding for the essay 
questions (question type), scores for pre-test and post-test, individual essay questions, the 
total score for the multiple-choice questions, and the total score for essay questions (higher-
order conceptual questions) in terms of percentage, together with gender, grade level, control 
or treatment (group), and topic studied in each research study (topic}. The file was used to 
determine relationships, and possible interaction, among pre-test score, post-test score, grade 
level, topic, and gender. 
Variables 
One dependent variable, post-test higher-order conceptual questions, four independent 
variables —gender, group, topic, and grade level —and one covariate —pre-test total score — 
are used for this secondary analysis. 
Post-test higher-order conceptual questions score: In each research study higher-order 
conceptual questions (essay) scores are translated into percentages then three or four essay 
questions (depending upon the amount of essay questions) are added together to create a 
dependent variable named conceptual question. 
Gender: Gender of the participants (male and female). 
Group: Control and treatment participants in all research studies are coded under the 
group variable. 
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Topic: Five different science topics —cell, molecular biology, genetic, life science, 
and stoichiometry —studied in seven research studies. 
Grade level: Four different grade levels —grade 7, 9, 10, and 11 —involved in 
research studies are coded as grade level. 
Pre-test total: Pre-test total variable contains the sums of the percentages of multiple-
choice and essay questions scores. 
Method of Analysis 
To deal with the accuracy of the data that have been collected, both frequency 
distributions and descriptive statistic were obtained by using the SPSS Frequencies procedure 
since the data set is large (Mertler & Vannatta, 2002). The SPSS Explore procedure was 
conducted to examine whether outliers possibly could affect the results of the study. Results 
of the preliminary data analysis regarding missing data and outliers are given in Appendices 
1 and 2. 
As mentioned in assumption of the study section, there are three general assumptions 
involved in this secondary analysis study: normality, linearity, and homogeneity. A simple 
graphical method and normal probability plots of model residuals are used to examine the 
normality assumption. The linearity assumption is addressed by plotting standardized 
residual values against the predicted values, and the homogeneity assumption is examined by 
using Levene's test for equal variances. Detailed results are given in Appendix 3. 
Results 
Three research questions are addressed with this secondary analysis. The first 
question attempts to a create statistical base to pose the second and third questions. The 
second question addresses the overall effect of using writing-to-learn strategies in the science 
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classroom. The third question tries to identify the effects of gender, grade level, and science 
topic for learning science when uniting-to-learn strategies are used. 
Question 1: Were group scores different prior to the studies? 
Hypothesis Ho 1: Performance on the pre-test total will not differ by groups among 
students, using writing-to-learn strategies as a treatment and traditional writing as a control. 
Hypothesis Hot: Performance on the pre-test higher-order conceptual questions will 
not differ by groups among students, using writing-to-learn strategies as a treatment and 
traditional writing as a control. 
One-way analysis of variance (ANOVA) models were estimated to investigate performance 
differences in pre-test and post-test scores between groups. One-way ANOVA results (see 
Table 1) indicate there are not significant differences between groups (control vs. treatment} 
for pre-test total (F (1, 704) = 1.267, p =. 261). We conclude that, since there are no 
significant differences between groups, we do not have enough evidence to reject Ho 1. Also, 
one-way A1~TOVA results (see Table 2) for pre-test higher-order conceptual questions 
similarly do not provide enough evidence to reject Hot, with F (1, 704) _. 949, p =. 3 3 0. 
Table 1. One-Way ANOVA Summary Table for Pre-test Total 
Source SS df MS F A 
Between Groups 529.276 1 529.276 1.267 .261 
Within Groups 294047.067 704 417.680 
Tota I 294576.343 705 
Note. SS represent sum of squares. MS represents mean square errors. 
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Table 2. One-Way ANOVA Summary Table for Pre-test Higher-order Conceptual Questions 
Source ss d~ ~s F p 
Between Groups 263.328 1 263.328 .949 .330 
Within Groups 195371.574 704 277.516 
Total 195634.902 705 
Note. SS represent sum of squares. MS represents mean square errors. 
Question 2: Do writing-to-learn strategies have a significant impact on student 
conceptual understanding? 
Hypothesis H4I :Performance on the post-test higher-order conceptual questions will 
not differ by groups among students. 
One-way ANOVA results (see Table 3) show there axe significant differences 
between groups on post-test higher-order conceptual questions .F' (l, 715) = 4.537, p =. 034. 
Significant differences between groups provide us enough evidence to reject Ho 1. 
Table 3. One-Way ANOVA Summary Table for Post-test Higher-Order Conceptual 
Questions 
Source SS df ~IIS F A 
Between Groups 2656.360 1 2656.360 4.537* .034 
Within Groups 418601.778 715 585.457 
Tota I 421258.138 716 
Note. SS represent sum of squares. MS represents mean square errors. 
Question 3: Does student performance differ by gender, grade Level, and topic? 
34 
Hypothesis Ho 1: Performance on the post-test higher-order conceptual questions will 
not differ by gender among students when controlling for the pre-test. 
Hypothesis Hot: Performance on the post-test higher-order conceptual questions wi11 
not differ by grade level among students when controlling for the pre-test. 
Hypothesis Ho3 : Performance on the post-test higher-order conceptual questions will 
not differ by topic studied among students when controlling for pre-test. 
Hypothesis Ho4: Performance on the post-test higher-order conceptual questions will 
not differ by group among students when controlling for the pre-test. 
Hypothesis HoS: There is no interaction on post-test higher-order conceptual 
questions between group and topic after controlling for pre-test total. 
To address question 3 and the hypotheses related to this question, analysis of 
covariance (ANCUVA) models were estimated, even though there are not any significant 
differences between groups' pre-test total scores prior to their participation in the study F (1, 
704} = 1.267, p <. 261 (see Table 1). The pre-test covariate score significantly influenced the 
dependent variable of post-test higher-order conceptual questions F (1, 659) = 210.994, p =, 
.001, r~ _. 243. ANCOVA results (see Table 4) indicate si ' cant main effects for rou F g~ g p 
(1, 65 9) = 15.13 9, p = .000, r~=. 022, and the interaction of group and topic is significant F 
(1, 659) = 5.683, p = .001, r~=. 025. Significant main effects for group and topic provide 
enough evidence to reject Ho3 and Ho4, and non-significant main effects for gender and 
grade level do not provide enough evidence to reject Ho 1 and Hot. Moreover, effect sizes — 
~2 —indicate that 2.2% of the variance on higher-order conce teal uestions is ex lamed b p q p y 
group, and 24.3 % of the variance is explained by the pre-test total score in the model. 
Adjusted R square shows that model can explain 3 5.1 % of the variance on higher-order 
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conceptual questions. Since there is a significant interaction effect between group and topic, 
we have enough evidence to reject HoS. Figure 1 shows the interaction effect between group 
and topic. 
Table 4. ANCOVA Summary Table for Homogeneity of Regression Slopes 
Source df F P r~2 Observed Power 
Corrected Model 28 12.732* < .001 .351 1.000 
Intercept 1 210.994 < .001 .243 1.000 
Pre-test Tota f 1 115.958* < .001 .150 1.000 
Gender 1 1.310 .253 .002 .208 
Group 1 15.139* < .001 .022 .973 
Grade 2 1.039 .354 .003 .232 
Topic 3 24.240* < .001 .099 1.000 
Group *Topic 3 5.683* .001 .025 .947 
Error 659 (396.091 } 
Nofe. Values enclosed in parentheses represent mean square errors. Non-significant interactions are not shown. 
p < .05 R Squared = .351 (Adjusted RSquared = .323) 
Table 5 presents the adjusted means for the group. Table 6 presents pairvvise comparisons for 
group differences, which indicate that Treatment (M = 56.794) has a significantly higher 
mean score than Control (M = 49.722). 
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Table 5. Adjusted Means for Group 
Mean S~ 95 % Confidence Interval 
Group Lower Bound Upper Bound 
Control 49.722 1.442 46.890 52.555 
Treatment 56.794 1.146 54.543 59.044 
Note. SE represents standard error. Evaluated at covariates appeared in the 
model: Pretest total percentage = 27.4572. Based on modified population 
marginal mean. 
Table 6. Pairwise Comparison for Group 
Mean Difference SE Sig. Difference (1-J) 
95 % Confidence l nterval for 
(I) Group (J) Group Lower Bound Upper Bound 
Control Treatment -7.071' 1.838 < .001 -10.681 -3.462 
Treatment Control 7.071 ~ 1.838 < .001 3.462 10.681 
Note. SE represents standard error. Adjustment for multiple comparisons: Bonferroni. An estimate of the 
modified population marginal mean (I}. An estimate of the modified population marginal mean (J}. p < .05 
Table 7. Adjusted Means for Topic 
Mean SE 95 % Confidence interval 
Topic Lower Bound Upper Bound 
Cell 58.932 1.271 56.43fi 61.427 
Molecular 46.633 3.401 39.954 53.312 Biology 
Genetic 54.114 2.823 48.571 59.658 
Life science 34.339 2.771 28.898 39.779 
Stoichiometry 60.925 3.374 54.300 67.551 
Note. SE represents standard error. Evaluated at covariates appeared in the 
model: Pretest total percentage = 27.4572. Based on modified population 
marginal mean. 
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Table 8. pairwise Comparisons for Topic 
Mean SE Sig. for Difference Difference (1-J) 
95 % Confidence l n~erval 
~!} Topic (J} Topic Lower Bound Upper Bound 
Cell M. B. 12.299* 3.355 .003 2.849 21.748 
Genetic 4.817 3.398 1.000 -4.753 14.388 
L.S 24.593* 3.295 < .001 15.312 33.875 
S . C -1.993 3.872 1.000 -12.899 8.912 
M.B. Cel i -12.299* 3.355 .003 -21.748 -2.849 
Genetic -7.481 4.865 1.000 -21.184 6.221 
L.S. 12.294 4.748 .098 -1.079 25.668 
S. C -14.292 5.210 .063 -28.967 .383 
Genetic Cell -4.817 3.398 1.000 -14.388 4.753 
M . B . 7.481 4.865 1.000 -6.221 21.184 
L.S. 19.776* 3.505 < .001 9.903 29.648 
S.0 -6.811 3.884 .soo -17.751 4.129 
L.S. Cel I -24.593* 3.295 < .001 -33.875 -15.312 
M . B . -12.294 4.748 .098 -25.668 1.07 9 
Genetic -19.776* 3.505 < .001 -29.648 -9.903 
S. C -26.587* 3.956 < .001 -37.729 -15.444 
S. C Cel I 1.993 3.872 1.000 -8.912 12.899 
M . B . 14.292 5.210 .063 -.383 28.967 
Genetic 6.811 3.884 .800 -4.129 17.751 
L.S. 26.587* 3.956 < .001 15.444 37.729 
Note. SE represents standard error. M.B. represents molecular biology. L.S. represents life science. S.C. 
represents Stoichiometry. Adjustment for multiple. comparisons: Bonferroni. An estimate of the modified 
population marginal mean (I). An estimate of the modified population marginal mean (J}. p < .05 
Table 7 presents the adjusted means for the topic, and Table 8 presents pairwise 
comparisons for topic, which indicate that Cell (M = 58.932) has a significantly higher mean 
than Molecular Biology (M =46.633) and Life Science (M = 34.339), Genetic (M = 54.114) 
has a significantly higher mean than Life Science (M = 34.339), and Stoichiometry (M = 
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60.925) has a significantly higher mean than Life Science (M = 34.339). Levene's test of 
equality of error variance shows significant results (F (17, 660) = 2.956, p < .001 (see Table 
9}), which indicates that we reject the null hypothesis that the error variance of the dependent 
variable is equal across groups. 
Table 9. Levene's Test of Homogeneity of Variance 
F
2.965* 
df1 
27 
df2 p 
660 < .001 
Note. p < .05 
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Discussion 
The results indicate that there are significant benefits to be gained from using writing 
as a learning tool in science for the teachers in this study. First, these results indicate that 
using writing-to-learning as opposed to more traditional writing does make a significant 
impact on student learning in terms of answering higher-order conceptual questions given the 
conditions under which each of the studies was completed. That is, all teachers involved had 
undergone graduate courses in constructivism and science literature. This outcome does 
support the literature in terms of the value of using non-traditional writing as a means of 
promoting conceptual understanding in science. Each of these studies used for this secondary 
analysis had students undertake some form ofnon-traditional writing, for example, writing 
for different audiences, writing for peers, different writing formats, business Letter, 
newspaper article, or SWH. All these non-traditional writings served as powerful learning 
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tools for students' conceptual understanding of science, when compared to classes using 
traditional writing formats. 
Second, the results indicate that using non-traditional writings was a more effective 
learning tool across secondary grade levels compared to traditional writing approaches. 
V~ijhile there is recognition given to the different levels of cognitive developments across the 
secondary grade levels in this analysis, the results indicate that using writing-to-learn 
strategies was beneficial regardless of the grade level. This is important, as it indicates the 
value of using these strategies across a broader range of students rather then being restricted 
to a particular grade level. However, further studies need to be conducted across more grade 
levels, particularly in grades 4, S, and 6, to determine if these results can be consistently 
obtained. 
Third, in this study the different writing-to-learn strategies were used in biology 
topics in 6 of the 7 studies. Results indicate that using non-traditional writing in biology doffs 
make a significant impact on students' learning in terms of performance on higher-order 
conceptual questions. In three of the four biology units studied, that is, molecular biology, 
life science, and genetics, significant gains were obtained. However, with the unit on cells the 
results were not as clear. With this topic, which was targeted at grades 7, 9, and 10 results 
were not overall statistically sig~riificant differences in students' conceptual understanding, 
but, individual studies conducted on grade 7 show significant statistical differences on 
higher-order conceptual questions for the cell unit. 
V~iThile it is difficult to know why these results obtained were different for the cell unit, 
one possible explanation may be student exposure to the topic. In year 7 students had 
previously not studied the topic, and these writing-to-learn strategies were beneficial in 
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helping develop students' understandings. Students in grade 9 and 10 already had explored 
cells as a topic, and these ideas were already formed. It is possible that there is a ceiling 
effect that writing-to-learn strategies are beneficial when the topic is entirely new concept for 
them. 
Conclusion 
Writing-to-learn strategies were beneficial for students ranging from grades 7 to 11. 
The study does provide evidence that expanding the use ofnon-traditional writing types to 
include a broader range of writing activities was beneficial in helping develop conceptual 
understandings of the topic under study. 
Results from this secondary analysis support the conclusion that different writing-to-
learn activities help students across grade levels develop conceptual understanding of 
different biology concepts in science. Further studies in the areas of physics, chemistry, and 
earth science need to be conducted to determine if these results for biology can be achieved 
in those other areas. 
While there is recognition given to the different levels of cognitive developments 
across the grade levels in this analysis, the results indicate that using writing-to-learn 
strategies was beneficial for grade 7, 9, 10, and 11. However, these results are restricted to 
particular grade levels and they prevent us from concluding that non-traditional writing is 
beneficial for all grade levels. Also, essay questions asked in each study show differences 
related with the required cognitive and meta-cognitive engagements to answer them. Further 
work needs to be done to explore which type of essay questions are best suited in assessing 
students, understanding as a consequences of using writing- to-learn strategies. 
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CHAPTER 4. GENERAL CONCLUSIONS 
Introduction 
The purpose of the previous two sections of this thesis were to first establish a 
discussion on theoretical and empirical background of cognitive writing models, student- 
oriented learning and writing-to-learn in science, then to describe a secondary analysis 
testing the theoretical discussion. As a means to exploring links between empirical results 
emerging with analysis and theoretical background of the writing-to-learn, this section will 
first, attempt to pose a discussion based on results of the this analysis and research questions, 
and results of the previous research studies, second, discuss the limitations of this study and 
what could be done in the future to eliminate these problems, and third dispute a possible 
implication of this particular work for the future. 
Discussion 
The results of this research are discussed by answering the research questions outlined 
in chapter one. 
Question 1: Were group scores different prior to the studies? 
The answer for this particular question was important in defining the statistical 
analysis study. The results indicated that students in each group were statistically equal in 
terms of their conceptual understanding of the topic studied. Even though control and 
treatment groups had the same conceptual understanding of science concepts, the pre-test 
score was still a significant covariate. Since, the scores on pre-test higher-order conceptual 
questions were not different and the pre-test total score was a significant covariate, analysis 
of variance (ANOVA) and analysis of covariance (ANCOVA) were used in this particular 
study. One-way ANOVA was an appropriate analysis method preferred to compare student 
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performance, and ANCOVA was an appropriate analysis method to elaborate the effects of 
more than one independent variables on the dependent variable. 
Question 2: Do writing-to-learn strategies have a significant impact on student 
conceptual understanding? 
The quantitative results of this secondary analysis show that scale using writing-to-
learn strategies in classroom environments facilitates students' science conceptual 
understanding. There was a statistical significant difference obtained between treatment and 
control groups with using writing-to-learn strategies versus using traditional writing. This 
outcome does support the literature in terms of the value of using non-traditional writing as a 
means of promoting conceptual understanding in science. Writing for diverse purposes, and 
to different audience in dif~'erent genres helps students to construct their science 
understanding. When interactive constructivist approaches for teaching science are combined 
with writing for learning, students' conceptual understanding of science improves. Each of 
the studies used for this secondary analysis had students undertaking some form of non-
traditional writing, for example, writing for different audiences, writing for peers, and 
different writing formats, such as business letter, news paper article, SV~i~H. A11 these non-
traditional writing approaches served as powerful learning tools for students' conceptual 
understanding of science, when compared to classes using traditional writing formats. 
Question 3: Does student performance differ by gender, grade level, and topic? 
The results indicate that using non-traditional writings was a more effective learning 
tool across different grade levels compared to traditional writing approaches. V~Vhile there is 
recognition given to the different levels of cognitive developments across the grade Levels in 
this analysis, the results indicate that using writing-to-learn strategies was beneficial 
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regardless of the grade level. This is important as it indicates the value of using these 
strategies across a broader range of students rather then being restricted to a particular grade 
level. Regardless of the achievement of the gender, students' performances on higher-order 
conceptual questions do not differ by gender when using writing-to-learn strategies, that is, 
no statistical significant differences were determined. 
In this study, the different writing-to-learn strategies were used in biology topics in 
six of the seven studies. Results indicate that using non-traditional writing in biology does 
make a significant impact on students' Learning in terms of performance on higher-order 
conceptual questions. In three of the four biology units studied, that is molecular biology, life 
science and genetic, significant gains were obtained. However, with the unit on cells the 
results were not as clear. With this topic, which was targeted at grade 7, 9 and 10, results 
were not over all statistically significant on students' conceptual understanding. But, 
individual studies conducted on grade seven show significant statistical differences on 
higher-order conceptual questions for the cell unit. Also, one of the research studies used for 
this secondary analysis work was conducted on a chemistry topic. Again, similar to results 
with biology topics, results with. chemistry topic, stoichiometry, indicates that using writing- 
to-learn as opposed to more traditional writing does have a si~cant impact on student 
learning in terms of answering higher-order conceptual questions. 
In conclusion, the secondary analysis indicated that, writing-to-learn strategies did 
make significant differences on students' conceptual understanding of science, and these 
strategies are effective across different grade levels and topics. 
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Limitations 
This study has a number of limitations that are both statistical limitations and 
limitations of implementation. These limitations need to be considered when attempting to 
generalize from the results of this study. 
Statistical Limitations 
Statistical analysis methods used have several assumptions that affect the robustness 
of the results that emerge with this particular work. First of all, one of the assumptions of 
analysis of variance and covariance, the distributions of scores must have equal variances, 
this appears to be violated based upon results indicated by Levene's test. Literature indicates 
that in a large educational research setting it is possible to violate the assumption of the equal 
variance and still have meaning to attach the results. Also, across such a broad range of grade 
levels and topics, it is highly possible to have unequal variance. 
The assumption of normally distributed scores on the dependent variable addressed in 
the Appendixes are examined by using histograms, steam leaf plots and normal Q-Q plots 
besides Kolmogorov-Smirnow test. Histograms and Kolmogorov-Smirnow tests indicate that 
there are violations with the normality assumption. For the conclusion of the research 
findings these potential violations are important (imitations since violations with these 
fundamental assumptions cannot validate the results. Finally, choosing students, as control 
and treatment groups appear to be a limitation since in school setting it is hard to meet with 
the assumption of the randomness. However, defining each class that involved either control 
or treatment was random in all research studies. 
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Limitation of the Implementation 
The most important limitation of the study is that all teachers involved had undergone 
graduate courses in constructivism and science literacy so these results are robust when 
teachers have the necessary pedagogical skills and knowledge to successfully implement the 
required pedagogy. Implementing the same research design with teachers who do not have 
these pedagogical skills and knowledge may limit the results obtained. Since teachers were 
not observed, they maybe implementing in different ways, thus potentially effecting the 
results. Thus, implementation of approach in the design is not uniform, and thus needs to be 
considered as a limitation. Also, a personal difference creating, and evaluating the essay 
questions brings a limitation in making general conclusions about the research findings. 
Another limitation for this secondary analysis is that using pre-test total score in the 
study as a covariate controlled differences in performance on higher-order conceptual 
question scores but there are other factors that influence the results. Variation on higher-order 
conceptual questions scores can be explained by the dependent variables, which show that 
there is a small portion of the variance dependent upon using writing-to-learn strategies. 
V~ijhile there is recognition given to the different levels of cognitive development across the 
grade levels in this analysis, the results indicate that using writing-to-learn strategies was 
beneficial for grade 7, 9, 10, and 11. However, these results are restricted to particular grade 
levels and they prevent us from concluding that non-traditional writing is beneficial for all 
grade levels. 
One of the other crucial limitations is that these particular research studies conducted 
on biology topics and generalizations cannot be made for chemistry, physics, and earth 
science based upon research findings. Moreover, in three of the four biology units studied, 
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that is molecular biology, life science and genetic, significant gains were obtained but, with 
the unit as cells the results were not as clear. With this topic, which was targeted at grade 7, 9 
and 10, results were not an overall statistically si~cant on students' conceptual 
understanding. Conflicts in cells unit results appears to be a limitation to conduct writing-to-
learn strategies do make sig~rlificant differences on student conceptual understandings of 
biology contexts across different grade levels. 
Implications 
There are four implications arising from this study. 
Even though results of this particular study indicate writing-to-learn strategies are 
beneficial for science students, broader ranges of studies are needed in other disciplines such 
as chemistry, physics, and earth science to indicate benefits of using writing-to-learn 
activities more explicitly. This was predominately based on biology. We need to determine if 
similar results can be obtained in other disciplines. 
Within discipline studies, not all topics are valid for using these strategies, e.g. the 
topic of cells would indicate that writing might not be useful for students at the higher grades 
with this topic. To address this issue there is need for more research studies conducted across 
different grade levels for the same topics. If there is a spiral curriculum in place, we need to 
determine at what point writing is going to be beneficial. For example, there is a need to 
determine if there is a ceiling or plateau reached when using writing to learn strategies such 
that for a particular topic the strategies are no longer beneficial. To address this question, 
many studies with a singular topic taught across different grade levels need to be conducted. 
Teachers involved in these studies had undertaken graduate level courses in the 
necessary knowledge and pedagogy for implementing writing to learn strategies. However, 
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in practice as this type of preparation is not normally undertaken by teachers, there is a need 
for in-service and pre-service teachers to have available courses that emphasize science 
literacy and student-oriented learning and teaching to be able to implement more broadened 
uses of writing to learn strategies. In-service and pre-service teachers need to be exposed to, 
and engage with, the epistemology of science, and the necessary student and teacher roles 
required for implementing writing-to-learn strategies. 
Studies reported only used a small number of non-traditional writing genres such as, a 
business letter, newspaper article, and SWH. Qther strategies for example --brochures, 
poetry, posters, journals, explanations, and diagrams need to be used in future works to 
determine whether they are beneficial in helping develop conceptual understanding of the 
science topics. That is on a broader range ofnon-traditional writing types need to be 
implemented to determine their relative effectiveness. 
The type of higher-order conceptual questions used evaluating students' conceptual 
understanding needs to be examined. Essay questions asked in each study show differences 
related with the required cognitive and meta-cognitive engagements to answer them. Further 
work needs to be done to explore which type of essay questions are best suited in assessing 
students, understanding as a consequences of using writing- to-learn strategies. 
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APPENDIX 1. DESCRIPTIVE STATISTICS 
Table 1 Descriptive statistics for missing data 
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Table 2 Descriptive statistics for all variables 
Gender Grade Group course Experience Study name Topic 
N Valid 738 738 738 738 737 738 738 
Missing 0 0 0 0 1 0 0 
Mean 1.48 8.653 1.59 1.07 1.22 2.02 
Table 3 Descriptive statistics for Gender 
Frequency Percent Valid Cumulative Percent Percent 
Valid Female 381 51.6 51.6 51.6 
Male 357 48.4 48.4 100.0 
Total 738 100.0 100.0 
Table 4 Descriptive statistics for Grade Level 
Frequency Percent Valid Cumulative Percent Percent 
Va I i d 7 307 41.6 41.6 - 41.6 
9 127 17.2 17.2 58.8 
10 250 33.9 33.9 92.7 
11 54 7.3 7.3 100.0 
Tota I 738 100.0 100.0 
J U 
Table 5 Descriptive statistics for Group 
Frequency Percent Valid Cumulative Percent Percent 
Valid Control 299 40.5 40.5 40.5 
Treatment 439 59.5 59.5 100.0 
Total 738 100.0 100.0 
Table 6 Descriptive statistics for Topic 
Frequency Percent Valid Cumulative Percent Percent 
Valid Cei I 450 61.0 61.0 61.0 
Molecular Biology 45 6.1 6.1 67.1 
Genetic 72 9.8 9.8 76.8 
Life science 117 15.9 15.9 92.7 
Stoichiometry 54 7.3 7.3 100.0 
Tota! 738 100.0 100.0 
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Table 7 Descriptive statistics for studies used for secondary analysis 
Frequency Percent Valid Cumulative Percent Percent 
Valid Ames Mid. School 1 117 15.9 15.9 41.6 
Ames Mid. School 2 190 25.7 25.7 25.7 
Ballard 1 72 9.8 9.8 63.1 
Ballard 2 87 11.8 11.8 53.4 
Dowling 91 12.3 12.3 75.5 
Lincoln 127 17.2 17.2 92.7 
Story City 54 7.3 7.3 100.0 
Total 738 100.0 100.0 
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APPENDIX 2. STEAM-AND-LEAF PLOTS TO EXPLORE OUTLIERS 
Post-test total percentage Stem-and-Leaf Plot for 
Gender= Female 
Frequency Stem & Leaf 
1.00 Extremes (=<0) 
3.00 0 8 
14.00 1 0668& 
20.00 2 34556789& 
30.00 3 0133335699& 
39.00 4 11133345556678& 
84.00 5 000000111113335556677888899& 
70.00 6 00111113335555666777889& 
.50.00 7 00011223355568889& 
36.00 8 000124567789& 
20.00 9 0012366& 
1.00 10 & 
Stem width: 10.00 
Each leaf: 3 cases) 
& denotes fractional leaves. 
Post-test total percentage Stem-and-Leaf Plot for 
Gender= Male 
Frequency Stem & Leaf 
2.00 Extremes (=<0} 
1.00 0 & 
8.00 1 668 & 
14.00 2 03556& 
26.00 3 1135667889& 
43.00 4 1111133455566677889& 
71.00 5 0000011111111133355555566667778889 
60.00 6 0011123333555555556666677899 
56.00 7 0011222335555666788888889& 
41.00 8 001111224446667778& 
24.00 9 0000235677& 
2.00 10 0 
Stem width: 10.00 
Each leaf : 2 case (s } 
& denotes fractional leaves 
Figure 1 Steam-And-Leaf Plots for Post-Test Total Percentage by Gender 
Post-test total percentage Stem-and-Leaf Plot for 
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Group= Control 
Frequency Stem & Leaf 
6.00 0 08 
7.00 1 666& 
15.00 2 35568&& 
26.00 3 0123356899& 
37.00 4 1111133335556789& 
60.00 5 00011111113335555667777888899& 
49.00 6 0111111333555555666779 
43.00 7 0123335555666888888& 
34.00 8 00011134567788& 
14.00 9 002367 & 
1.00 10 & 
Stem width: 10.00 
Each leaf : 2 case (s } 
& denotes fractional leaves. 
Post-test total percentage Stem-and-Leaf Plot for 
Group= Treatment 
Frequency Stem & Leaf 
1.00 Extremes (=<7} 
5.00 1 03& 
10.00 1 66688 
6.00 2 034 
13.00 2 55669& 
15.00 3 0113333& 
15.00 3 5566789 
16.00 4 1111334& 
29.00 - 4 555666677888& 
52.00 5 000000000001111111113333& 
43.00 5 555555566666778888899 
30.00 6 00001111123333 
51.00 6 555555556666667777888899 
32.00 7 000001112222234 
31.00 7 55556678888899 
24.00 8 00011222444 
19.00 8 56677779 
19.00 9 00001223 
11.00 9 56667 
2.00 10 0 
Stem width: 10.00 
Each leaf : 2 case (s ) 
& denotes fractional leaves. 
Figure 2 Steam-and-Leaf Plots for Post-Test Total Percentage by group 
Post-test total percentage Stem-and-Leaf Plot for 
60 
Grade level= 7.00 
Frequency Stem & Leaf 
1.00 1 3 
1.00 1 8 
3.00 2 444 
5.00 2 77999 
10.00 3 1111233344 
14.00 3 55566677799999 
20.00 4 11111133333333334444 
22.00 4 5555566677777788888999 
34.00 5 0000111111111111111111133333333333 
32.00 5 55555556666677777777788899999999 
26.00 6 00001111111111112223333333 
39.00 6 555555555555555555557777777777778899999 
22.00 7 0001111112222222333344 
29.00 7 55566666667788888888888899999 
19.00 8 0000000111222244444 
17.00 8 66666667788888999 
6.00 9 000122 
1.00 9 6 
Stem width: 
Each leaf: 
10.00 
1 cases} 
Post-test total percentage Stem-and-Leaf Plot for 
Grade level= 9.00 
Frequency Stem & Leaf 
1.00 0 6 
4.00 1 0013 
4.00 1 8888 
7.00 2 0003333 
10.00 2 5666666888 
7.00 3 0001133 
9.00 3 56668.8888 
5.00 4 01133 
9.00 4 555566888 
12.00 5 000000011133 
13.00 5 5555556666688 
8.00 6 01111133 
12.00 6 555666688888 
5.00 7 00001 
8.00 7 55666888 
2.00 8 00 
3.00 8 556 
Stem width: 
Each leaf 
10.00 
1 case (s} 
Post-test total percentage Stem-and-Leaf Plot for 
Grade level= 10.00 
61 
Frequency Stem & Leaf 
3.00 Extremes (=<0) 
3.00 0 8 
12.00 1 666666 
9.00 2 5555 
14.00 3 3333569 
25.00 4 1111155666&& 
58.00 5 000000000111113555566888888& 
42.00 6 0001133355666666669& 
34.00 7 001233555558888 
22.00 8 0111134477& 
20.00 9 001333666 
2.00 10 0 
Stem width: 10.00 
Each leaf : 2 case (s ) 
& denotes fractional leaves. 
Post-test total percentage Stem-and-Leaf Plot for 
Grade level= 11.00 
Frequency Stem & Leaf 
2.00 Extremes (=<33) 
1.00 4 7 
6.00 5 255777 
3.00 6 577 
8.00 7 00225577 
14.00 8 00222255777777 
17.00 9 00000222255577777 
1.00 10 0 
Stem width: 
Each leaf 
10.00 
1 case (s ) 
Figure 3 Steam-and-Leaf Plots for Post-Test Total Percentage by Gz-ade Level 
Post-test total percentage Stem-and-Leaf Plot for 
62 
Topic= Cell 
Frequency Stem & Leaf 
5.00 Extremes (=<13} 
6.00 1 88& 
7.00 2 033 
15.00 2 566689& 
16.00 3 0113333 
21.00 3 555668899& 
24.00 4 011111133333 
33.00 4 5555556666777889 
56.00 5 000000000011111111111133333 
56.00 5 555555555666667777888889999 
40.00 6 0011111111111333333 
61.00 6 55555555555566666667777788899 
27.00 7 0000111113333 
35.00 7 55556666688888888 
15.00 8 000003& 
14.00 8 566688 
7.00 9 012 
Stem width: 10.00 
Each leaf : 2 case (s } 
& denotes fractional leaves. 
Post-test total percentage Stem-and-Leaf Plot for 
Topic= Molecular Biology 
Frequency Stem & Leaf 
6.00 0 000888 
11.00 1 66666666666 
7.00 2 5555555 
4.00 3 3333 
4.00 4 1111 
9.00 5 000088888 
2.00 6 66 
1.00 7 5 
Stem width: 10.00 
Each leaf : 1 case (s ) 
63 
Post-test total percentage Stem-and-Leaf Plot for 
Topic= Genetic 
Frequency Stem & Leaf 
2.00 3 99 
3.00 4 255 
5.00 5 11114 
10.00 6 0033366699 
13.00 7 2225558888888 
17.00 8 11111111444477777 
18.00 9 000003333336666666 
2.00 10 00 
Stem width: 
Each leaf: 
10.00 
1 case { s } 
Post-test total percentage Stem-and-Leaf Plot for 
Topic= Life science 
Frequency Stem & Leaf 
1.00 1 3 
.00 1 
31 00 2 444 
2.00 2 79 
5.00 3 11244 
6.00 3 666779 
9.00 4 113334444 
8.00 4 66688888 
13.00 5 0000111133333 
10.00 5 5566666888 
7.00 6 0000222 
7.00 6 5555788 
12.00 7 000222222244 
10.00 7 5557799999 
10.00 8 1112224444 
7.00 8 6677999 
1.00 9 1 
1.00 9 6 
Stem width: 
Each leaf: 
10.00 
1 case {s) 
Post-test total percentage Stem-and-Leaf Plot for 
64 
Topic= Chemistry 
Frequency Stem & Leaf 
2.00 
1.00 
6.00 
3.00 
8.00 
14.00 
17.00 
1.00 
Extremes 
4 
5 
6 
7 
8 
9 
10 
Stem width: 
Each leaf: 
{ =<33 } 
7 
255777 
577 
00225577 
00222255777777 
00000222255577777 
0 
10.00 
1 case {s) 
Figure 4 Steam-and-Leaf Plots for Post-Test Total Percentage by Topic 
b5 
APPENDIX 3. EXPLORE FOR ASSi.TMPTIONS, NORMALTTY, AND 
LINEARITY 
Normality
GENDER Kolmogorov-Smirnav Statistic df Sig. 
Post-test total percentage Female .059 368 .004 
Male .055 348 .014 
Figure 1 Test for Normality for Post-test Total Percentage, by Gender 
Gender Statistic Std. Error 
Post-test 
total Female 
percentage 
Male 
57.8994 1.0642 
Mean 
95% Confidence Interval for Mean Lower Bound 55.8067 
Upper Bound 59.9921 
5% Trimmed Mean 58.3394 
Median 58.6200 
Variance 416.765 
Std. Deviation 20.4148 
Minimum .00 
Maximum 100.00 
Range 100.00 
Interquartile Range 27.4100 
Skewness -.277 .127 
Kurtosis -.326 .254 
Mean 60.8133 1.0831 
95% Confidence Interval for Mean Lower Bound 58.6831 
Upper Bound 62.9435 
5% Trimmed Mean 61.3384 
Median 61.6700 
Variance 408.205 
Std. Deviation 20.2041 
Minimum .00 
Maximum 100.00 
Range 100.00 
Interquartile Range 29.0125 
Skewness -.324 .131 
Kurtosis - .278 .261 
Figure 2 Descriptive Statistics for Post-test Total Percentage by Gender 
66 
Histogram 
For Gender= Female 
50 
40 
30 
20 
U 
~ 10 
~ 0 
O~ 7~O ?~o u'~o v~o SAO 6~O
Post-test total percentage 
Histogram 
For Gender— Male 
~~O e~0 9~0 
Std. Dev = 20.41 
Mean = 57.9 
N = 368.00 
~O Op
Std. Dev = 20.20 
Mean = 60.8 
N = 348.00 
Post-test total percentage 
Figure 3 Histograms for Post-Test Total Percentage by Gender 
Kolmogorov-Smirnov 
Group Statistic df Sig. 
Post-test total percentage Control .057 292 .023 
Treatment .048 424 .022 
Figure 4 Tests for Normality for Post-Test Total Percentage by Group 
67 
Group Statistic Std. Error 
Post-test Control Mean 58.2087 1.2197 
total 
pe rce ntag 
e 
Treatment 
95% Confidence Interval for Mean Lower Bound 55.8082 
Upper Bound 8fl.8092 
5% Trimmed Mean 58.7666 
Median 58.4750 
Variance 434.373 
Std. Deviation 20.8416 
Minimum .00 
Maximum 100.00 
Range 100.00 
Interquartile Range 31.9000 
Skewness -.334 .143 
Kurtosis -.274 .284 
Mean 60.0780 .9710 
95% Confidence Interval for Mean Lower Bound 58.1693 
Upper Bound 61.9866 
5% Trimmed Mean 80.5173 
Median 60.4750 
Variance 399.791 
Std. Deviation 19.9948 
Minimum 6.67 
Maximum 100.00 
Range 93.33 
Interquartile Range 26.4925 
Skewness -.284 .119 
Kurtosis -.358 .237 
Figure 5 Descriptive Statistics for Post-test Total Percentage by Group 
68 
Histogram 
For Group= Control 
40 
Std. Dev = 20.84 
Mean =58.2 
N = 292.00 
~~ 
•o 
Post-test total percentage 
Histogram 
For Group= Treatment 
60 
Std. Dev = 19.99 
Mean =60.1 
N = 424.00 
Post-test total percentage 
Figure 6 Histograms for Post-Test Total Percentage by Group 
Kolmogorov-Smirnov 
Post-test total percentage 
Grade Level Statistic df Sig. 
7.00 .058 301 .016 
9.00 .069 119 .200 
10.00 .076 244 .002 
11.00 .158 52 .002 
Figure 7 Tests for Normality for Post-Test Total Percentage by Grade Level 
69 
Grade 
Level Statistic Std. Error 
Post-test total 
percentage 
7.00 
9.00 
10.00 
11.00 
Mean 60.7280 .9577 
95% Confidence Interval for Mean Lower Bound 58.8434 
Upper Bound 62.6126 
5% Trimmed Mean 60.9792 
Median 61.0000 
Variance 276.054 
Std. Deviation 16.6149 
Minimum 13.79 
Maximum 96.55 
Range 82.76 
lnterquartile Range 24.0000 
Skewness -.152 .140 
Kurtosis -.562 .280 
Mean 48.3754 1.7973 
95% Confdence Interval for Mean Lower Bound 44.8162 
Upper Bound 51.9345 
5°!° Trimmed Mean 48.5201 
Median 50.0000 
Variance 384.402 
Std. Deviation 19.6062 
Minimum 6.67 
Maximum 86.67 
Range 80.00 
lnterquartile Range 33.3300 
Skewness -.118 .222 
Kurtosis -.882 .440 
Mean 58.6955 1.4127 
95% Confidence Interval for Mean Lower Bound 55.9128 
Upper Bound 61.4782 
5% Trimmed Mean_ 59.2621 
Median 58.3300 
Variance 486.950 
Std. Deviation 22.0669 
Minimum .00 
Maximum 100.00 
Range 100.00 
lnterquartile Range 28.3300 
Skewness -.371 .156 
Kurtosis -.189 .310 
Mean 79.0865 2.3262 
95% Confidence Interval for Mean Lower Bound 74.4165 
Upper Bound 83.7566 
5% Trimmed Mean 80.4594 
Median 83.7500 
Variance 281.380 
Std. Deviation. 16.7744 
Minimum 30.00 
Maximum 100.00 
Range 70.00 
lnterquartile Range 21.8750 
Skewness -1.137 .330 
~o 
Kurtosis .888 .650 
Figure 8 Descriptive Statistics for Post-Test Total Percentage by Gracie Level 
Histogram 
For Grade level= 7.00 
15.0 25.0 35.0 45.0 55.0 65.0 75.0 85.0 95.0 
20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 
Post-test total percentage 
Histogram 
For Grade level= 9.00 
14 
12 
10 
a 
v 
c 
L 
LL 
Std. Dev = 16.61 
Mean = 60.7 
N = 301.00 
5.0 15.0 25.0 35.0 45.0 55.0 65.0 75.0 85.0 
10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 
Post-test total percentage 
Std. Dev = 19.61 
Mean =48.4 
N = 119.00 
71 
Histogram 
For Grade level= 10.00 
Post-test total percentage 
Histogram 
For Grade level= 11.00 
20 
10 
Std. Dev = 22.07 
Mean = 58.7 
N = 244.00 
Std. Dev = 16.77 
Mean = 79.1 
N = 52.00 
30. D 40.0 50.0 60.0 70.0 80.0 90.0 100.0 
Post-test total percentage 
Figure 9 Histograms for Post-Test Total Percentage by Grade Level 
72 
Kolmogorov-Smirnov Shapiro-Wilk 
Course topic 
Post-test total Cell 
percentage Molecular Biology 
Genetic 
Life science 
Stoichiometry 
Statistic df Sig. .Statistic d# Sig. 
.059 438 .001 
.172 44 .002 
.151 70 .000 
.087 112 .035 
.158 52 .002 
.931 44 .018 
Figure 10 Tests for Normality for Post-test Total Percentage by Topic 
Course topic Statistic Std. Error 
Post-test total Cell Mean 56.6174 .8131 
percentage 
95% Confidence Interval for Mean Lower Bound 55.0193 
Upper Bound 58.2154 
5% Trimmed Mean 56.9807 
Median 57.0000 
Variance 289.579 
Std. Deviation 17.0170 
Minimum 6.67 
Maximum 92.00 
Range 85.33 
Interquartile Range 20.6625 
Skewness -.337 .117 
Kurtosis -.152 .233 
Molecular Mean 31.4398 3.0031 
Biology 
95% Confidence Interval for Mean Lower Bound 25.3834 
Upper Bound 37.4962 
5% Trimmed Mean 31.0188 
Median 25.0000 
Variance 396.827 
Std. Deviation 19.9205 
Minimum .00 
Maximum 75.00 
Range 75.00 
Interquartile Range 33.3300 
Skewness .400 .357 
Kurtosis - .821 .702 
Genetic Mean 77.8803 1.9415 
95°lo Confidence Interval for Mean Lower Bound 74.0071 
Upper Bound 81.7535 
5% Trimmed Mean 78.7657 
Median 81.8200 
Variance 263.863 
Std. Deviation 16.2438 
Minimum 39.39 
Maximum 100.00 
Range 60.61 
Interquartile Range 24.2400 
Skewness -.781. .287 
73 
Kurtosis -.232 .566 
Life science Mean 60.0370 1.7498 
95% Confidence Interval for Mean Lower Bound 56.5697 
Upper Bound 63.5042 
5% Trimmed Mean 60.3481 
Median 58.6200 
Variance 342.905 
Std. Deviation 18.5177 
Minimum 13.79 
Maximum 96.55 
Range 82.76 
Interquartile Range 29.3100 
Skewness -.141 .228 
Kurtosis -.790 .453 
Stoichiometry Mean 79.0865 2.3262 
95% Confidence Interval for Mean Lower Bound 74.4165 
Upper Bound 83.7566 
5% Trimmed Mean 80.4594 
Median 83.7500 
Variance 281.380 
Std. Deviation 16.7744 
Minimum 30.00 
Maximum 100.00 
Range 70.00 
Interquartile Range 21.8750 
Skewness -1.137 .330 
Kurtosis .888 .650 
Figure 11 Descriptive Statistics for Post-Test Total Percentage by Topic 
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H i stog ra i'1'1 
For Topic=~ Cell 
70 
5.0 15.0 25.0 35.0 45.0 55.0 65.0 75.0 85.0 
10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 
Post-test total percentage 
Histogram 
For Topic= Molecular Bio 
12 
a 
U 
C a~ 
Q' a~ L 
11.. 
0.0 20.0 40.0 60.0 80.0 
10.0 30.0 50.0 70.0 
Post-test total percentage 
Std. Dev = 17.02 
Mean = 56.6 
N = 438.00 
Std. Dev = 19.92 
Mean = 31.4 
N =44.00 
~s 
Histogram 
For Topic= Genetic 
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For Topic= Life science 
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Histogram 
For Topic= Stoichiometry 
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Figure 12 Histograms for Post-Test Total Percentage by Topic 
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Figure 13 Normal Q-Q Plots for Post-Test Total Percentage by Gender 
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Figure 14 Normal Q-Q Plots for Post-test Total Percentage by Group 
Normal Q-Q Plot of post-test total 
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Figure 15 Normal Q-Q Plots for Post-test Total Percentage by Crrade Level 
Normal Q-Q Plot of post-test total 
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Normal Q-Q Plot of post-test total 
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For Topic= Molecular Biology 
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Normal Q-Q Plot of post-test total 
For Topic= Life science 
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Normal Q-Q Plot of post-test total 
For Topic= Stoichhiometry 
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Figure 16 Normal Q-Q Plots for Post-Test Total Percentage by Topic 
